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Introduction
The Appomattox River basin is heavily cultivated and the river that drains it is a
tributary of the James River. Today it drains 10,206 square miles of forested, agricultural,
residential, and industrial land (DEQ, 2004 Draft Report). The Appomattox is part of the
Chesapeake Bay watershed and therefore an extremely vital source for a greatly
depended upon resource. The ratio ofland to water in the Chesapeake Bay watershed is
2,742.86 km2 of land for 1 km3 of water (Lippson, 1997). Pollutants that enter from
sources on land can restrict use of this resource and have devastating biological impacts.
Maintaining healthy headwaters is an essential first step for protecting water quality in
the Chesapeake Bay.
A body ofwater's health is assessed through the identification of pollutants in
lakes, rivers, or streams. These pollutants include suspended sediments, nutrients, toxic
chemicals, heavy metals, heat, pH, and fecal coliform bacteria. The collection of these
data has been used by the Environmental Protection Agency to create a Standard for
Water Quality. The Clean Water Act requires states to develop these Standards for Water
Quality. A waterway that does not meet these water quality standards and not suitable for
specific uses is labeled impaired. Total Maximum Daily Load (TMDL) plans are then
created for impaired waterways as a way to improve water quality so that standards are
met. Impaired waterways are made public in reports. The state is required by the United
States Environmental Protection Agency (EPA) to use all current and available sources
on water quality data, including local, state, and federal agencies, for classification. The
most common cause of impairment in the state of Virginia is fecal coliform bacteria
(DEQ, 305b). Of the 13,218 miles monitored by Virginia's Department of Environmental
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Quality, there are over 6,900 miles of river and streams considered impaired with fecal
coliform bacteria (DEQ, 2004 Draft Report).
Bacteria occur naturally in surface waters. However, some bacteria enter
waterways from other sources. Bacteria may enter surface water from terrestrial origins
via runoff during rain events or snow melts. Fecal matter deposited directly into streams
by livestock, sewer overflow, or failed septic systems can also contribute to presence of
bacteria in waterways. The source of these pollutants is another important factor for
determiningTMDLs. These sources are classified into two different categories.Non
point sources (NPS) are characterized as natural and human pollutants from sources that
are difficult to identify. Common examples ofNPS are failing septic systems, livestock,
and wildlife (Mau and Pope, 1999). Point sources are natural and human pollutants that
enter waterways from one point that is easily identifiable. The ambiguity ofNPS makes it
much more difficult to assess and enforce regulations than with point sources. NPS can
be a greater threat to the water quality because of this.
The success of theTMDL program is largely contingent on whether it is followed
by farmers, landowners, and industries. However, in Virginia, implementation ofTMDL
plans is voluntary for landowners and the implementation of them is fairly novel.
Therefore, the effect they are having is unknown. Of the 2,786 miles of rivers and
streams monitored in the James River basin, 1,135 of those were found to be impaired
with fecal coliform bacteria (DEQ, 2004 Draft Report). Sayler's Creek is one such
headwater that feeds the Appomattox River, and ultimately the Chesapeake Bay, that
does not meet water quality standards. Virginia's Department of Environmental Quality
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(DEQ) has identified Sayler's Creek as an impaired watershed (303d). This is due in part
to land use practices such as agriculture and riparian deforestation.
The magnitude of this impairment creates a large problem for the DEQ. There is a
lack of human resources for the DEQ. An ongoing citizen-monitoring program of the
watershed is currently being conducted in the Sayler's Creek watershed. This has
drastically increased what is known about its level of impairment.
Scientific Background and history
Public health is a large issue where poor water quality is concerned. Human
bacterial pathogens that cause cholera (Vibrio cholera), typhoid fever (Salmonella typhi),
shigellosis (Shigella), salmonellosis (Salmonella), and gastroenteritis (Campylobacter
jejuni) can enter waterways through nonpoint source pollutants. This contamination
compromises the safety of drinking water sources and water recreation activities in
impaired waterways. In additional to this, eutrophication is accelerated through enhanced
nutrient discharge and algal blooms are created. This leads a lack of oxygen in the stream
that can cause fish kills. However, this impairment, know as anoxia, is more of a treat to
larger bodies of water.
The bacteria that are tested for to measure a stream's health are present in fecal
matter of animals such as livestock, domesticated pets, wildlife, and humans. The
methods of testing for these bacterial pathogens have evolved a great deal since Snow
and Budd's seminal correlations between enteric and contaminated water supplies in the
1850s and the subsequent discovery of disease agents in the 1880s by Robert Koch.
Escherichia coli was proposed as an indicator for fecal coliform because of its abundance
in feces (Escherich, 1885). In the early 20th century, E. coli was detected by observing
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gas production in glucose broth incubated at an elevated temperature (Eijkman, 1904).
This method of serial dilutions, called the 'Standard Test for Water Analysis', was
universally accepted as the main method of testing until the mid 1950s. This method is
also referred to as multiple broth tube fermentation
The membrane filtration method of sampling for fecal coliform bacteria was
developed in 1951 by Goetz and Tsuneishi (1951). The test was an improvement as it
saves time, labor, and cost. More importantly, membrane filtration is more accurate than
previous methods. This procedure is widely used in most public health laboratories
(APHA, 1998). However, membrane filtration is a presumptive test and requires
subsequent confirmatory testing.
The standards of testing for these bacteria are ever changing and a new method
has recently been accepted by Virginia's Department of Environmental Quality. This new
test utilizes defined substrates that simultaneously detect coliforms and E. coli by
hydrolysis of specific substrate analogs. The defined substrate test is a presumptive and
confirmatory test. It confirms the presence of E. coli. Its benefits over the use of
membrane filtration are similar for many of the same reasons why membrane filtration
compares favorably over multiple broth tube fermentation.
Fecal coliform bacteria are a widely accepted indicator for human pathogens in
waterways. The most common sources of fecal contamination are from municipal
wastewater discharge, leachate from domestic septic systems, runoff of seepage from
livestock-producing areas, and wildlife populations (Mau and Pope, 1999). Fecal
coliforms are not typically harmful, but then presence in a stream indicates the possible
existence of pathogens that exit the body with fecal waste and cause diseases such as
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salmonellosis, cholera, typhoid fever, shigellosis, amoebic dysentery, and poliomyelitis
(Tortora et al. 2002). Therefore, fecal coliform is commonly used as an indicator
bacterium of these pathogens.
A water body is considered impaired for most uses if it has excess of 400 colony
forming units per 100ml (305b Virginia's Department of Environmental Quality, 2000).
Additional water quality standards have been developed by the Environmental Protection
Agency for addressing safe water use in the presence of fecal coliform as seen in Table 1
below.
Table 1

Drinking Water
Total body contact
Partial Body contact
Treated sewage effluent

1 colony forming unit (CFU) per 100 ml
200 CFU/100ml
1000 CFU/lO0ml
<200 CFU/100ml

Source: EPA

After fecal bactria has entered a body of water from runoff it will settle into the
sediment or possibly be ingested. The survival and presence of bacteria is dependant on
factors such as rainfall, sediment type, and physical and chemical changes in the water
such as temperature, turbidity and pH (Van Donsel et al., 1967; Sherer et al., 1992). The
half-life of fecal coliform has been show to be between 11 and 30 days (Sherer et al.
1992).
Need for Research
There has been extensive water quality monitoring of Sayler's Creek, but there
are no existing data on how this watershed reacts to runoff Gilbert (2000) described a
correlation between streamflow and fecal coliform bacteria contamination at Sayler's
Creek. Although sample size in this research was low, it indicates that a measurement of
fecal coliform bacteria without a measurement of streamflow is taken out of context. To
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understand how this watershed reacts with extreme hydrological variability, sampling
during periods of extreme runoff is necessary. It was hypothesized that an increase in
flow would increase fecal coliform bacteria contamination.
H0: An increase in streamflow will not cause fecal coliform contamination to increase.
HA: An increase in streamflow will cause fecal coliform contamination to increase.

Different levels of contamination exist between the two tributaries located within
the watershed as well (Gilbert, 2000). To further comprehend this variability and the
extent of the impairment, sampling both tributaries during periods of high and low
streamflow is as essential as sampling during moderate streamflow. This research
describes water quality characteristics within the Sayler's Creek watershed at two
different sites on different tributaries. It was hypothesized that a difference between
tributary contaminations exists.
H0: There is no difference in fecal coliform contamination between sites.
HA: There is a difference in fecal coliform contamination between sites.

A comparison between methods of testing for fecal coliform bacteria in water was
also completed during this study. These data will supplement ongoing research.
H0: Measures of fecal coliform bacteria do not differ between testing methods.
HA: Measures of fecal coliform bacteria differ between testing methods.
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Methods and materials

Study Site
The Sayler's Creek Watershed is part of the Appomattox River watershed in
South Central Virginia and extends into the counties of Prince Edward, Amelia, and
Nottoway. Two tributaries drain the Sayler's Creek watershed. They are named Little
Sayler' s Creek and Sayler' s Creek. To distinguish the tributary, Sayler' s Creek, from the
watershed in this paper, Sayler' s Creek the tributary will be referred to as its local name,
Big Sayler's Creek. Land use characteristics are presented in Figure 1 and Table 2 below.
Yellow and pink/purple represent cultivated and residential areas while greens indicate
forested areas.
Figure 1

Landuse in the Sayler's Creek Watershed

l>.melia
Prince Edward
Nottoway

Key

6) Sample Site
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Cou..-y Line
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,
Watershed
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I � Boundary

Source: NRCS data set, 2000
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Table 2

Land Use Category
Cropland
Hayland
Fallow
Pasture
Forest
Residential
Mixed woods/ Residential
Totals

Percentage covered
Acres
Square Miles
5.87
933.79
1.46
1011.92
6.36
1.58
4.19
666.90
1.04
11.59
1842.21
2.88
65.41
10,401.92
16.25
457.44
2.88
.71
3.69
587.43
.92
.100
15,901.6
24.84

Source: United States Department of Agriculture, Natural Resources Conservation Service, February 2000

Two sampling locations were selected, one in each of the Sayler's Creek
tributaries. These sites were selected because they are easily accessible, are currently
being monitored, and have similar attributes. Site 1, which will be referred to as Sayler 6,
is located 15-meters upstream from the Route 600 bridge crossing on Little Sayler's
Creek. Upstream from this site is a new housing development, cattle pastures, and some
agricultural cultivation. Site 2, which will be referred to as Sayler 7, is located 25-meters
upstream from the Route 617 bridge on Big Sayler's Creek. This site is located within the
Sailor's Creek Battlefield Historical State Park.
Both of the sampled sites are similar. They are both located on a second order
stream and drain a similar amount ofland. The bottom substrate is silt and sand. There is
a thin riparian buffer adjacent to the sites. Although individual land use is not available
for the two tributaries, the map above alludes to possible differences in land use between
the two. Upstream of Little Sayler's Creek drains more agriculture and residential land
than the more heavily forested upstream region ofBig Sayler's Creek.
Stream Profile
Water velocity was measured using a handheld digital flowmeter during each
sampling. A stream profile was obtained prior to sampling in order to measure stream
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flow in terms of discharge. Discharge (:ft:3/sec) provides a more accurate representation of
how much water is flowing through a body of water at a given time. The steps as outlined
by Gilbert (2000) were followed for the measurement of the stream profile and are listed
in Table 3 located below.
1. Establish a Transect- Two stakes are placed on opposite sides of the stream from
each other. The stakes must enter the profile of the stream at the bankfull. The bankfull is
the level where baseflow conditions are. It is easily identifiable by looking for where the
vegetation begins and ends on the river bank. A string is extended from one stake to the
other at the bankfull.
2. Leveling the String- The string is made level using a bubble leveler or by measuring
the distance from water to string.
3. Measurements Along the Profile- The distance between measurements along the
transect must be determined. The distance used in this study was one-foot. This distance
was selected because of the small width of the two streams (less than 20-feet).
4. Depth Measurements- A measurement of depth and flow was taken at each point that
was decided upon in the previous step. Distance was read from string to creek bed.
Surveying was also completed to ensure that numbers were accurate.
The following equation was used to estimate discharge:
Discharge or Q (ft3/sec) = velocity (ft/sec) X stream area (ft2)
Sampling
Water samples were collected, stored, and analyzed according to the guidelines
published in the Standard Methods for the Examination of Water and Wastewater, 2dh
Ed. (APHA, 1998). Samples were taken from surface waters (i.e., streams) immediately
before, during, and after rain events. Samples were collected every hour in the middle of
the body of water, at the middle of the water column, and where there was no disturbance
in the creek bed. Sterile 18 oz. Whirl-Pak bags were used to collect and store samples.
Water samples were then placed in an ice chest, covered with ice packs to prevent cell
doubling and transported to the lab for immediate analysis. Immediate processing is
recommended to avoid fecal coliform bacteria re-growth (APHA, 1998). All water
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samples were processed within six-hours of collection. Other measurements that were
recorded during sampled rain events include total precipitation, water temperature, water
depth, and water velocity. In some instances stream depth and velocity were not recorded.
This was due to periods of flooding that made the stream inaccessible and unsafe. During
these times of inaccessibility, water samples were collected from the bridge with a
bucket.
Sample Processing
There are several methods of testing for fecal coliforms in surface waters that are
accepted today. Collection of samples for testing as described in the Standard Methods
for the Examination of Water and Wastewater, 2dh Ed. (1998). The two analytical

methods used in this study for determining fecal coliform contamination were membrane
filtration and defined substrate degradation. The defined substrate method is relatively
new and is an improvement on existing tests because of its increased accuracy and
reduced time and material requirements. Membrane filtration was also used for a
comparison. Currently it is the most common method used in Virginia's water quality
assessment labs.
Membrane Filtration Analysis
Water samples were diluted to 1 % and bacteria were collected by passing the
sample through a 0.45 micron millipore (Millipore, Bedford, MA) filter in a 250 ml
Bucher funnel (Kontes, Vineland, NJ) with the aid of a vacuum. The filter was then
placed in mFC broth (Millipore, Bedford, MA) and incubated at 44.5 +/- 0.5 °C for 24 +/2 hours. The mFC broth contains selective and differential agents that inhibit the growth
of bacteria in general, except for fecal coliform species (i.e., E. coli). Fecal coliform
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colonies are identified by the blue color precipitate indicating lactose fermentation. A bile
salt is also precipitated during fermentation. This is a presumptive test. Therefore,
confirmatory tests must be completed. This is done by isolating CFUs after incubation
and transferring them for confirmation on either an Eosin-Methylene Blue Agar or
MacConkey Agar. Controls were run at the beginning and end of each rain event
processing to ensure that the method was sterile (APHA, 1998).
Defined Substrate Analysis
In this test two different substrates were used for separate analysis. Dilutions of
these samples ranged from 10% to 25%. Diluted samples were combined with the two
substrates and incubated at 44.5 +/- 0.5 °C for 24 +/- 2 hours in a sealed envelope with
large and small wells to aid in bacterial quantification. This temperature only allows
coliform bacteria growth. The O-nitrophenyl-B-D-galactopyranoside (ONPG) substrate is
used to indicate the presence of total coliform bacteria as it tests for the enzyme 8galactosidase that is specific to enteric bacteria. This enzyme is responsible for breaking
down glucose into galactose and lactose in bacteria.
4-methylumbelliferyl-B-D-glucuronide (MUG) indicates the specific presence of
the fecal coliform E. coli as MUG tests for the presence of B-D-glucuronidase enzyme.
These enzymes metabolize MUG and create fluorescence. An ONPG positive test is
yellow in color while a MUG positive is fluorescent blue when illuminated with
ultraviolet light. Dilutions of water samples must be completed with defined substrates as
well. However, this test is presumptive and confirmatory so a subsequence confirmatory
test is not needed (APHA, 1998).
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The number of wells that changed color was recorded. The CFUs per 100ml for
each sample was determined using a most probable numbers table that was supplied by
the manufacturer of the defined substrate test. There were three instances when a positive
MUG test was read, but the same well did not test positive for ONPG metabolization.
Because of this the well was considered not to be coliform bacteria.
Statistical Tests
A paired-sample t-test was used to compare methods for detecting fecal coliform
bacteria. A nonparametric related samples test was used to compare baseflow
contamination with peak flow contamination, because a Kolmogorov-Smimov test
showed that the probability of normality was low (P<0.05). A Wilcoxon Rank Sum test
was used to compare the flow and contamination between the two different sites. Another
method of analyzing this data could be by a repeated measures analysis of variance. The
treatment groups would be sample time before, during, and after a rain event. Only a
comparison between sites was completed, but future studies should investigate any
sample time variation. Transformations should be applied to nonparametric data to
determine if this could improve normality. This would increase the power of the
statistical analyses. All statistics were completed using the computer based statistical
program SPSS. A 95% confidence level was used for each test.
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Results
Stream Profile
Stream Profiles that were used to obtain discharge estimates are shown below in
Graph 1 and 2. The y-axis is depth of the stream in feet above an arbitrary sea level. This
was done to avoid working with negative numbers while surveying.
Sayler 7 Site Profile
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Graph 1: Bankfull is located at 1.44 feet

Sayler 6 Site Profile
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Graph 2: Bankfull is located at 1.26 feet
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Site Comparison
The characteristics of the sampled sites are listed below in Table 4.
Table 4

Site
Total Samples
Rain Events
Mean CFUs per 100ml
Average streamflow (feet per sec)
Average Discharge (t/sec)
Average Temperature (F)

Savler 6
42
7
5410
1.23
10.71
62.45

Savler 7
42
7
2617
1.23
9.65
63.39

A comparison between all measures of stream flow was completed to determine if
the sites were similar. Velocity and discharge were used in this comparison. A Wilcoxon
Rank Sum test, which is a nonparametric independent samples test, revealed that velocity
(P>0.88) and discharge (P>.28) were not significantly different between the two sites as
seen in Table 5.2 and 6.2 below
Velocity

Table 5.1- Ranks
N Mean Rank Sum of Ranks
Site
Sayler 6 30
30.2
905.5
Sayler 7 30
30.8
924.5
Total
60
Table 5.2- Test Statistics
Velocity
Mann-Whitnev U
440.5
Wilcoxon W
905.5
z
-.140
Asymo. Sia. (2-tailed)
.888
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Discharge

Table 6.1- Ranks
VAR00001

N

DISCHARGE

1.0
26
26
2.0
52
Total
Table 6.2- Test Statistics
DISCHARGE
280.0
Mann-Whitney U
Wilcoxon W
631.0
z
-1.061
.288
Asymp. Sia. (2-tailed)

Mean
Rank
28.7
24.2

Sum of
Ranks
747.0
631.0

A Wilcoxon Rank Sum test was also completed to compare contamination
between the two sites. The test revealed a statistical significant difference in
contamination between the two sites (P<0.002) as seen in Table 7.2
Table 7.1- Ranks
VAR00004
N

Mean
Rank
51.24
33.76

42
Sayler 6
Sayler 7
42
84
Total
Table 7.2- Test Statistics
VAR00005
z
-3.287
.001
Asymp. Sig. (2-tailed)

Sum of
Ranks
2152.0
1418.0

Flow and Contamination
Peak values were compared with baseflow values for six rain events and the two
sample sites. They were tested with a nonparametric related samples test. Baseflow and
peak contamination were found to be significantly different (P<.005) as seen in Table 8.2.

-

.
. Descnp
f1ve Sta1s1cs
f f
Tabl e 81
N
Mean
12
112
BASELINE
11591
12
PEAK
Table 8.2- Test Statistics
PEAKBASELINE
z
-3.059
.002
Asvmp. Sia. (2-tailed)

Minimum Maximum
Std.
Deviation
300
50
80
200
28500
11284
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Method Comparison
AP-value greater than .97 was obtained when a paired samples t-test was run to
compare the methods of testing for fecal coliform bacteria in this study. Table 9.2 below
illustrates the differences observed during sampling.

-

Tabl e 91 Pa1re
. d Samp,es StafISICS
f
Mean
N
Pair 1

-

Mem Filt
Defined
Sub

2807
2790

Tabl e 9 2 Pa1re
. d Samp es Test

Pair 1

Mem filt - Defined Sub

Std.
Deviation
5165
4902

62
62

Paired
Differences
Mean
16.8

Std.
Std. Error
Deviation
Mean
4088
519

df

Sig. (2tailed)

61

.974
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Discussion
Site Comparison
Statistical tests showed no difference in stream flow between the two sites
sampled. This was true for both water velocity and discharge. This finding is important
for this study. It shows that the sites are similar enough that fecal coliform bacteria can be
compared between sites without accounting for stream flow. However, stream flow
should not go unmeasured during instances of high flow due to variability.
There was a statistically significant P-value (P<.002) in the comparison of
contaminations between sites. Therefore it may be concluded that there is a difference in
contamination during rain events between the site located on Little Sayler's Creek and
the site located on Big Sayler's Creek. A reason for this difference could be land use.
However, it is necessary to obtain individual tributary land use data and conduct bacteria
source tracting before making this conclusion.
Stream Flow and Contamination
It has been shown that there is a correlation between stream flow and
contamination in Sayler's Creek (Gilbert, 2000). It has also been demonstrated that as
flow increases, contamination does as well (Bolstad and Swank, 1997). The statistical test
completed in this study comparing the two site's seven-rain events showed there to be a
significant difference (P<.005) between baseline and peak fecal coliform bacteria
contamination. Levels of contamination ranged from 50 CFUs per 100ml to 28,000 CFUs
per 100ml. This is an enormous range and illustrates the complexities of water quality.
Hydrological characteristics definitely influenced the quality of water. The Graphs 3 and
4 below illustrate this. They are of a hydrograph and contamination plot of the same rain
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event that took place in early September. The yellow line represents contamination and
the blue line represents streamflow.
Graph 3

Rain Event at Sayler 6
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Streamflows effect on contamination are easily observed here. The contamination of
Sayler 6 is noticeably higher as well. However, both of the two sites would be listed as
impaired according to Virginia's water quality standards. This provides more evidence
that sampling must occur during high and low stream flow.
The consecutive rain event sampling in this study has show that no rain is ever
completely independent from the event before. One measurement of rainfall within
Sayler's Creek watershed showed Hurricane Isabel's total precipitation to be 5.9 inches
from September 1 s1h to 191\ 2003. The peak contamination level was 28,500 CFU's per
100ml. Fecal coliform numbers and stream flow took four-days to return to baseline.
However, on that fourth day (September 23) another rain event occurred. Peak stream
flows and precipitation totals were extremely similar to another rain event that occurred
earlier in the study period. The previous rain event (labeled 1 in Table 10 below) was the
first such event in a 14-day period, while the rain event of September 23 (labeled 3 in
Table 10 below) occurred just four days after Hurricane Isabel. Although rainfall was
similar the bacterial counts for rain event 3 were much less than rain event 1. This is
illustrated below in Table 10.
Table 10

Rain Event Number (Sayler 6)
1
Peak Stream Flow (ft/sec)
>3.0
2 weeks
Time since last rain event
Peak Contamination (CFU's per 100ml) 28,500
2.35
Total precipitation (in)

3
>3.9
4days
4,800
2.5

This concept must be developed further and tested with more extensive sampling. It could
possibly be that the watershed simply needs to "recharge" its fecal coliform bacteria
between rain events.
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Method comparison
This study supports recent findings that there is no difference between the defined
substrate and membrane filtration tests. Defined substrate is also appropriate for use in
sampling during rain events where stream flows vary greatly. Defined substrate, while
slightly more expense, requires less time and resources to conduct.
Conclusion
The total number of streams designated as impaired has almost doubled in the last
four years from 135 to 267 (DEQ 305b, 2000). When surface waters have been identified
as contaminated, land use practices must be adjusted to reduce fecal coliform inputs.
Cow pastures are one such potential NPS that can be better managed. Hagedorn (1999)
showed a 94% reduction in fecal coliforms in a water way adjacent to a cow pasture
when cattle access was restricted with fencing and in-pasture watering stations were
utilized. Protection and replanting of forested riparian buffers and correction of leachate
from domestic septic systems (Mau and Pope. 1999) are other means of prevention of
fecal coliform discharge and restoration of waterways.
The implementation of best management practices (BMP) is used to get NPS and
point sources to meet TMDL standards. BMP loans and grants for participants have been
established to facilitate this (DEQ 305b, 2000). However, money for such projects is
scarce and landowners have very few incentives.
It can be concluded from this study that runoff is seriously affecting the water
quality in Sayler's Creek watershed. These characteristics are contributing to the
impairment of the watershed. Wildlife, faulty septic systems, and unrestricted access into
the stream by dairy cows and cattle could be several reasons for the increase in bacterial
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counts during an increase in flow. However, to accurately pinpoint if the NPS causing
this severe impairment during rain events is human, wildlife, or agriculture animals, a
technique called bacteria source track will have to be employed. Once this occurs, a
sources of fecal bacteria will be known.
This research has also shown a great deal of variability in high and low stream
flow fecal coliform bacteria counts. This places an emphasis on not taking contamination
out of context. A wide range streamflows should always be sampled. A difference also
exists between tributaries in Sayler's Creek watershed. Land use data should be assessed
to see if land use practices are responsible for this difference.
Sustainable use of the land is the key to clean water. Citizen-monitoring
programs are on the right track, as such monitoring is essential so that the quality of that
water may be improved. It is essential that the water quality of tributaries like Sayler's
Creek be improved. This will improve the health of the Chesapeake Bay, which is such
an essential habitat for wildlife and resource for humans.
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